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Barriers to Development and Deployment of 
Innovative Waste Minimization Technologies 

Increasing regulation and scrutiny is driving waste generators towards 
reducing the use of scarce natural resources and reducing or eliminating waste 
streams. There is increasing emphasis on developing and deploying 
technologies that meet industry needs for recovering valuable materials in a 
cost-effective manner. 
At the Department of Energy's (DOE) Hanford Site, Battelle operates Pacific 
Northwest Laboratory (PNL). PNL's mission is to develop technologies to clean 
up the environment, and to assist industry in being competitive on a global 
scale. One such technology developed by PNL is the Waste Acid Detoxification 
and Reclamation (WADR) process. This technology recovers acids from metal -
bearing spent solutions, separating out the metals (which are a valuable 
byproduct of the acid recycling operation) from the acids. WADR uses 
selective precipitation and distillation together in an innovative waste 
recycling technology. Selective precipitation removes the heavy metals, and 
vacuum distillation recovers clean acid. However, WADR and other innovative 
waste reduction technologies face numerous barriers to successful development 
and deployment in the field. 

DEFINITIONS 
For the purposes of this paper, innovative technologies are those newly 
developed technologies that lack sufficient full-scale application data to 
ensure their routine consideration in industrial applications. 
Pollution prevention (source reduction) is a subset of waste minimization. 
Waste minimization includes source reduction (through process modifications or 
improved management) and on-/off-site recycling/reuse/recovery of wastes. It 
does not include treatment or disposal (although numerous recycling practices 
can be considered "treatment" for purposes of RCRA). 

BARRIER CATEGORIES 
Barriers to innovative technology deployment include both regulatory and 
institutional obstacles. They range from a belief that the technology is a 
solution to a non-problem, to a disbelief that an innovative technology will 
be as effective as existing technologies. Additionally, different barriers 
may exert influence during different stages of the technology life-cycle; any 
one of these barriers can be a potential show-stopper. Some of the barriers 
presented here apply specifically to waste reduction technologies, while 
others apply to development and deployment of any innovative technologies. 

"POLLUTION PREVENTION" CONCEPT 
Pollution prevention is a concept which is perceived by some to be simply a 
"buzzword" or a fad. In many cases, technology users are not convinced that 
there is a reason to change operating procedures to reduce pollution at the 



source. Since the current method of operation has worked in the past, their 
rationale is why invest resources to fixing a problem that is not seen as a 
problem. The traditional societal attitude has been that resources are meant 
to be used; this has resulted in a society characterized as "throw away". 
Pollution prevention is a major change away from traditional "end of pipe" 
mentality: we can control the waste after it has been generated. This new 
paradigm in many cases requires risk taking; should we invest in change where 
it does not appear necessary? 
Despite the Pollution Prevention Act of 1990, pollution prevention and waste 
minimization are not high priorities. The traditional attitude is to continue 
the present mode of operation until change is mandated. There is, at present, 
no clear mandate for change. 

REGULATORY 
Current command and control environmental regulations are oriented towards 
"end of pipe" solutions; often innovative waste minimization technologies will 
not be implemented when organizations can remain in compliance by adding 
controls, rather than by changing operations. 
Additional disincentives for innovative waste minimization technologies are 
the complex and confusing regulations relating to recycling under RCRA. These 
regulations are unclear to industries and can be interpreted differently from 
state to state, and from region to region. For example, WADR could be 
considered treatment in some states, while in others, it would be considered 
recycling, and therefore would not require a RCRA TSDF permit. 
This regional inconsistency is especially apparent in innovative technology 
deployment. Standards and support for innovative waste minimization 
technologies can vary greatly, with no guarantee that a technology proven in 
one state or region will be accepted in another. The regulations are changing 
constantly,and the trend is towards increasing stringency. Where relief is 
offered (such as with the recent RCRA Treatability Study Sample Exclusion 
rulemaking), states authorized to regulate that portion of the rules are not 
obligated to adopt less stringent federal rules. 
Additional regulatory disincentives in RCRA alone include: 
o the mixture and derived from rules, 
o variable permitting requirements (which dramatically from state to state 

and region to region. For example, the Research, Development, and 
Demonstration permit requirements allow authorized states to use either 
operating days or calendar days to determine the effective period. 
Calendar days can drastically reduce the amount of time during which a 
technology can be tested), 

o storage limits, and 
o the fact that residuals from treatability tests on listed wastes must be 

disposed of as hazardous. (Delisting is of course an option, but is 
rarely cost effective, given the time and resources required). 

This miasma of regulations poses a definite disincentive for innovative 
technologies. 



ENFORCEMENT 
Enforcement actions often result in compliance agreements which establish 
strict milestones for achieving compliance. These milestones often predispose 
selection of existing technologies, since the time to demonstrate an 
innovative technology on the particular waste stream is seldom available. 
Enforcement actions tend to place a premium on rapid deployment; in some cases 
this is evidenced by actually prescribing a particular technology solution 
(which is almost always an existing technology) in the enforcement action . 

INSTITUTIONAL 
Regulators 
Regulatory agencies tend to be risk-averse in decision-making. In some cases 
this is a resource issue: the lack of experienced technical staff to review 
and evaluate proposals to demonstrate and deploy innovative technologies. 
Agency personnel are required to be familiar with a wide array of processes, 
and usually cannot specialize in a field and follow the new developments and 
technologies that are being developed. 
In addition, agency personnel are rarely givea incentives to explore new 
technologies. It is easier and safer to decide to use an off-the-shelf 
technology with proven results. 
In some cases, even where flexibility exists within the regulations, agencies 
choose to interpret them conservatively, either due to perceptions of 
complications, agency policy, or negative past experiences with the regulated 
community which breed distrust of flexible regulatory interpretations. 

Technology Developers 
Technology developers often fail to research existing technologies for a 
specific application. Many times there are existing technologies which can 
handle the application, either without modification, or with some minor 
modifications. This is often attributable one of two causes: 
o an attitude that has been referred to as the "Not Invented Here" 

syndrome (i.e., no one else has similar problems), and 
o a segment within an industry not wishing to lose a competitive advantage 

resulting from a proprietary technology development. 
Technology Deplovers 
An additional barrier has been identified by national laboratory stakeholders: 
the lack of communication between technology developers and technology 
deployers. Sometimes this results from a "Field of Dreams" belief that "If we 
build it, they will come." This can result in the development of technologies 
which do not meet user needs or are not readily transferable from one 
industry to another. 
STAKEHOLDERS 



One of the primary barriers to innovative technology deployment is stakeholder 
involvement. Often stakeholders are not involved in the process until after 
decisions have been made, leading to a continued lack of trust in the 
decisionmakers and resistance to demonstrating and deploying innovative 
technologies. Stakeholders often perceive risks to the community from 
innovative technologies; these risks must be overcome to successfully deploy 
the technology. This has been called the "NIMBY" attitude, although often it 
results from incomplete or confusing information provided to local 
stakeholders, or from distrust in the purveyor of the data. 
COST 
Most innovative waste minimization technologies require capital funding to 
deploy. Without verified cost data, most companies are not willing to risk 
scarce capital dollars on unproven technologies. Uncertainty as to the 
effectiveness of the technology leads to increasing project costs, decreasing 
the likelihood of deployment. 
An additional barrier with regard to perception of cost must be overcome in 
many waste minimization situations. The typical spending decision is based on 
up-front costs. This method of costing does not consider the life cycle costs 
of the process or technology. The result in many cases is a decision to 
retain the status quo. This shortsightedness often results in higher costs to 
the company over the life of the technology, due to higher costs for waste 
management, liability and regulatory compliance. 
DATA/UNCERTAINTY 
Accurate, complete, verified, and reliable performance data is generally 
required by the user before they will be willing to select an innovative 
technology. Obtaining this data usually requires demonstrating the technology 
at close to commercial scale; lab scale data is seldom sufficient to convince 
industrial users to select an innovative waste minimization technology. This 
demonstration often requires obtaining a permit to conduct the demonstration, 
which requires significant time and effort. The permit requirement applies 
even on a relatively small scale. For example, RCRA treatability study limits 
for a technology such as WADR are 1000 kg per waste stream. This equates to 
approximately 4 drums of waste acids - not a large quantity. 
If a permit is required, the data gathered by the technology developer is 
typically geared toward the scientific and industrial community; often the 
data is not what the regulators need to either permit or exempt the 
technology. 
TECHNOLOGY TRANSFER/MARKETING 
Where a permit is required to demonstrate a technology's effectiveness, the 
time to deployment increases, and the risk of a competitor reaching the market 
prior to successful demonstration also increases. There is also the risk that 
what is acceptably permitted in one jurisdiction will require extensive 
modifications to obtain a permit in another state, since permitting 
reciprocity does not exist. 



CONCLUSION 
There are multiple, significant barriers to innovative waste minimization 
technology deployment. These barriers can be overcome, although a 
considerable amount of time and energy can be required to demonstrate the 
technology's effectiveness and safety to stakeholders, regulators, and 
industries. There is significant interest nationwide in providing more 
flexibility in the regulations without increasing the risk to human health and 
the environment, and in providing technology developers with some assurance 
that their technologies will be treated similarly from region to region and 
state to state. 


